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INTRODUCTION
The pain induced in hypersensitive dentin can be extremely intense and may present a considerable problem in daily life. The hydrodynamic theory is generally accepted as the most reasonable explanation for the mechanism of action of dentin hypersensitivity. An increased number of exposed dentinal tubules increases the potential for dentinal fluid flow, which is directly responsible for the patients' discomfort1). A corollary of this theory is that tubular occlusion would thus decrease dentin hypersensitivity2). Indeed, significant differences in the opening of dentinal tubules have been reported between hypersensitive and naturally desensitized areas3,4). Various techniques and agents have been reported to be effective for dentinal tubule occlusion, e.g., potassium oxalate2,5,6), sodium fluoride7), ferric oxalate8), and resins9,10). Combined potassium oxalate treatment (2-min of a solution containing 30% dipotassium oxalate followed by 2-min treatment of a solution containing 3% monopotassiummonohydrogen oxalate) has been recommended as an effective treatment for dentin TUBULE  OCCLUSION  WITH  LANTHANUM  FLUORIDE hypersensitivity based, at least in part, on calcium oxalate precipitation in the dentinal tubules2,5,11).
We previously reported that a treatment with acidulated phosphate fluoride (APF) followed by a lanthanum chloride (LaCl3) solution (fluoride-lanthanum treatment, F-La treatment) formed insoluble amorphous deposits containing lanthanum as one of the reaction products on the dentin surfaces and that this increased the resistance of the root dentin to acid attack12,13). Further, when this treatment was used on dentin surfaces on which smear layers and plugs had been dissolved to simulate hypersensitive dentin, the surface was completely covered with fine spherical compounds14). However, the durability of tubule occlusion was questionable because this material did not include filler components that will firmly occlude dentinal tubules. A newly developed treatment, designated as fluoride-tannic acid-lanthanum-apatite (FTLA) treatment consists of the application of APF containing tannic acid, followed by rubbing with a paste of LaCl3 solution and powdered apatite glass ceramics.
In the present study, we examined the feasibility of FTLA treatment for dentinal tubule occlusion before and after immersion in a remineralizing buffer in vitro. contribute to the prevention of caries27,28). The adherence of Streptococcus mutance to teeth was markedly inhibited by treatment with La(NO3)329). When enamel was treated with La(NO3)3, calcium and phosphate were less dissolved from the teeth30). Based on these findings and the low toxicity of La(NO3)327), we have been investigating the usefulness of lanthanum and its chlorides. Using a low concentration and short application time (5-10 minutes) of LaCl3, the solubility of apatite powder did not decrease; indeed F-La treatment markedly decreased its solubility31). On the dentin surface, LaF3 was efficient as a barrier against acid attack12,13).
MATERIALS AND METHODS

Manufacturing
In the FTLA method, LaF3, lanthanum phosphate, and calcium fluoride may be generated as reaction products in the same manner as F-La treatment on the dentinal surface and in the dentinal tubules, and powdered apatite glass ceramics may serve as a filler within the reaction products that precipitate within the dentinal tubules. Presumably, application of acidic solutions of fluoride followed by a paste of LaCl3 produced insoluble reaction products such as LaF3 which, combined with powdered apatite glass ceramics, contributed to the immediate occlusion of dentinal tubules. Tannic acid, added in APF, may act as an astringent and form stable cross-links in exposed collagen fibrils thereby increasing their resistance to hydrolytic degradation32). After immersion, we detected that the number of fine deposits had increased remarkably in the dentinal tubules (Fig. 4) . The profile of fluoride release from paste following FTLA treatment (powdered apatite glass ceramic, APF containing tannic acid and LaCl3) throughout the 6 week period was similar to that of fluoride release by a glass polyalkenoate cement. However, cumulative fluoride release from the powdered apatite glass ceramic was somewhat more than that of glass polyalkenoate cement33). These fluoride compounds may also act as a reservoir for fluoride and contribute to the growth of hydroxyapatite and fluoridated apatite in dentinal tubules when combined with calcium and phosphate from saliva and pulpal/dentinal fluid34-36).The crystals may shift to fluorapatite gradually because of the slow release of fluoride over a long period of time.
We conclude that FTLA treatment offers not only an immediately effective treatment for dentin hypersensitivity but may also maintain the tubule occlusion in the oral environment over at least 6 weeks. However, tooth-brush abrasion test and clinical trials should be conducted to estimate the durability of tubule occlusion. J 9: 163-166, 1990 . 10) Yoshiyama, M., Ozaki, K., Noiri, Y., Kataoka, K., Nakanishi, T., Ogimoto, R., Nakae, H., Matsuo, T. and Ebisu, S.: Treatment of dentin hypersensitivity. 46: 290-296, 1996 . (in Japanese) 20) Ishikawa, K., Suge, T., Yoshiyama, M., Kawasaki, A., Asaoka, K. and Ebisu, S.: Occlusion of dentinal tubules with calcium phosphate using acidic calcium phosphate solution followed by neutralization, J Dent Res 73: 1197-1204, 1994. 21) Suge, T., Ishikawa, K., Kawasaki, A., Yoshiyama, M., Asaoka, K. and Ebisu, S.: Effects of fluoride on the calcium phosphate precipitation method for dentinal tubule occlusion, J Dent Res 74: 1079-1085, 1995. 22) Suge, T., Ishikawa, K., Kawasaki, A., Yoshiyama, M., Asaoka, K. and Ebisu, S.:
Duration of dentinal tubule occlusion formed by calcium phosphate precipitation
